Concerning Strategies for in vivo Measurement of Receptor Binding Using Positron Emission Tomography
To the Editor: One approach, which has been used for the quantitative analy sis of radioligand neuroreceptor kinetics in the living human brain, is the "ratio" method (Wagner et aI., 1983; Wong et aI., 1984) . This approach is based on the observa tion that after injection of the specific D2 dopamine receptor radioligand 3-N-[llC]methy lspiperone (NMSP ) the ratio of radioactivity in the caudatel cerebellum is linear if plotted against a "normalized integral" representing a transformed time coordi nate. In the case of NMSP, the ratio is also linear with respect to time. Validity of the ratio method requires linearity with respect to the normalized in tegral; linearity with respect to time is not required.
The ratio method is a useful approach for providing a quantitatiye index of available receptor provided that the process is not diffusion-limited, in which case the kinetic data would primarily reflect radio ligand delivery rather than binding. Insufficient data are presented by Perlmutter et al. (1986) to estimate baboon receptor occupancy conveniently. Fortunately, an earlier article by the same group (Mintun et aI. , 1984) provides the re quired data. To be certain that the earlier data would be comparable to the more recent data, we must compare the specific activities and masses in jected.
In the earlier study, 0.40 mg, 9.75 mCi/mg was injected. Because the molecular weight is �400, this corresponds to 1.0 f,Lmol, 3.9 Ci/mmol. In the more recent study, 3-6 mCi, 10-30 Ci/mmol was injected. If we assume an average of 4.5 mCi, 20
Ci/mmol, this corresponds to 0.225 f,Lmoi. Thus, the specific activity was five times higher in the recent study, and the mass injected was about one-quarter.
If the difference, caudate minus cerebellum, is used as an approximate measure of the specific binding in the caudate, from 90 to 150 min postin jection, [18F]spiperone specific binding in the cau date is approximately constant and equal to 0.1 f,LCi/ml (Fig. 4 in Mintun et al., 1984) . This corre sponds to 25 nM. Because the concentration of do pamine binding sites in the monkey caudate nu cleus is reported to be 17.8 nM (Mintun et al., 1984) , it appears that, within experimental error, the receptor is significantly occupied. The ratio method cannot be applied or tested under these conditions.
Saturation of the receptor in the baboon studies is consistent with the total amount of radioligand injected. If we assume that the total volume of the baboon left plus right caudate is no greater than 10.0 ml, the total absolute amount of specific dopa mine receptor would be no greater than 0.178 nmol.
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The 1.0 /-Lmol injected (Mintun et aI., 1984) repre sents a 5,600-fold excess. In the more recent study (P erlmutter et al., 1986) , the 0.225 /-Lmol injected represents a 1,200-fold excess.
In addition to the quantitative reasoning used above to rule out the critical arguments against the ratio method, comparison of the time course for
[18F]spiperone in baboon (Fig. 4 in Mintun et aI., 1984) and the time course for NMSP in humans ( Fig. 1 in Wong et aI., 1984 ) reveals significant qual itative differences. For example, in the baboon study, the caudate activity peaks very early and then decreases; the caudate minus cerebellum dif ference is approximately constant from 90 to 150 min. In the human study, the caudate activity con tinues to increase for the entire duration of the ex periment (> 108 min). Thus, it appears that the later portion of the time course in the baboon study pri marily reflects no net binding of radio ligand to re ceptor. This is consistent with (but does not prove) receptor saturation in the baboon study.
Thus, there is strong evidence that the baboon experiments were done under conditions in which the receptor was significantly occupied. This is in consistent with a key assumption of the ratio method-that K3 is a pseudo first-order rate con stant. The baboon data, therefore, cannot be used to rule out the validity of the ratio method.
We believe that the ratio method is a useful first step in testing a hypothesis of abnormal dopamine receptor levels. The ratio method is sensitive to the decreases in dopamine receptor level resulting from the effects of aging (Wong et aI., 1984) and drugs (Wong et aI., 1986b) , but not to the increases in do pamine receptor level in schizophrenia (unpub lished observations). When indicated, the analysis can be extended to a full quantitation (Wong et aI., 1986a) , or haloperidol can be administered (Wong et al., 1986b) when the dopamine levels are too high to be studied directly by the ratio method.
